The effect of centrifugal force and length of centrifugation time on the sedimentation of plant organelles was determined for corn (Zea mays L.) root homogenates. A centrifugal force of 6000g for at least 20 minutes was necessary to pellet 90% of the mitochondrial marker (cytochrome c oxidase). This initial centrifugation step is optimal for separating mitochondria from microsomes, since cross-contamination of endoplasmic reticulum and plasma membrane vesicles with mitochondria is minimized. Centrifugal forces of 80OOg or 10,OOOg for 20 minutes and 13,000g for 15 minutes pellet 90% of the mitochondrial marker, however, these centrifugation conditions also sediment more plasma membrane and endoplasmic reticulum.
Inasmuch as mitochondria, RER, and pM2 have similar densities in sucrose gradients. it is necessary initially to separate the mitochondria from microsomes by differential centrifugation. A range of centrifugal forces, from 4,600g to 20,000g (1) (2) (3) (4) (5) 14) , has been used to achieve this separation; however, these crude mitochondrial fractions also contain substantial amounts of Golgi membrane, ER, and PM (6, 9, 12, 15) . These results can be viewed either as a loss of microsomal vesicles, if one is attempting to purify microsomes, or as a contaminated mitochondrial fraction.
A recent investigator (3) has used a crude mitochondrial fraction (l0,OOOg pellet) as a direct source of plasma membranes; however, further separation of these two organelles proved to be difficult. A Ficoll density gradient was used, and it provided limited success, inasmuch as the plasma membrane markers were only slightly enriched after centrifugation and there was still considerable overlap between mitochondria and PM markers (3). These results exemplify the need for initial separation of the mitochondria from microsomes prior to density-gradient separation.
This report is concerned with the determination of the optimal differential centrifugation conditions (centrifugal force and length of time) that produce the least amount of cross-contamination between mitochondria and microsomes. Only a few plant investigators (2, 5, 9, 12) Enzyme Assays. The K+-stimulated ATPase activity was determined as described previously (9) . To retain the K+-stimulated ATPase activity, corn roots were homogenized in DTT or dithioerythritol. When ,B-mercaptoethanol was used in the grinding medium, Cyt c oxidoreductase activities were maintained, but the K+-stimulated ATPase activity was very poor. Cyt c oxidase activity and NADH Cyt c reductase activity were determined as described by Hodges and Leonard (4) . NADH Cyt c reductase activity was assayed in the presence and absence of antimycin A (10) . Proteins were estimated according to Lowry et al. (I 1), and all enzyme assays were performed with 20 to 40 ,ug of membrane protein.
RESULTS
Differential Centrifugation between 1,000g and 80,000g. Centrifugation at 3,000g for 45 min only sedimented 75% of the Cyt c oxidase activity (Fig. 2) . Although we did not centrifuge for longer periods of time at 3,000g, it appears that a centrifugal force greater than 3,000g is necessary to sediment most of the mitochondria in a short time period. Usually, fast separation of organelles and subcellular membranes from the cytosol is desirable. Under our centrifugation conditions, 90 to 95% of the total mitochondrial associated enzyme activity, at best, could be sedimented by centrifugal forces at or below 13,000g. Once 90 to 95% of the mitochondria are pelleted, longer centrifugation times at various centrifugal forces did not sediment any more mitochondrial-associated Cyt c oxidase activity (Fig. 2) . Increasing centrifugation time at forces below 13,000g did sediment more microsomes, as determined by the PM marker (pH 6.5, K+-stimulated ATPase activity) (9) and the ER marker (antimycin A-insensitive NADH Cyt c reductase activity) (4, 10) .
A recent report has recommended at 13,000g for 15 min cen-SEPARATION OF SUBCELLULAR ORGANELLES (6, 9, 12) . Our results indicate that this procedure also pellets considerable PM and ER vesicles ( Fig. 2 ; Table I ) and is consistent with previous reports (9, 12) . If the previously used centrifugation procedure (13,000g for 15 min) is directly compared to a 6,000g for 20 min procedure (Fig.  1) , it is apparent that the latter is the most efficient in separating mitochondria from microsomes (Table I) . Clearly, the 6,000g for 20 min centrifugation step produces a higher specific activity for Cyt c oxidase when compared to the 13,000g for 15 min pellet, although both fractions contain the same percentage of total activity (Table I ). The 6,000g to 80,000g pellet also contains higher specific activities for the microsomal markers, as compared to the 13,000g to 80,000g pellet (Table I) .
The Og to 10O0g Pellet and 80,000g Supernatant. To compare this study with a previous report (9) Fig. 2) .
Although ER vesicles and PM vesicles are similar in size and are major constituents of microsomal fractions, they do not behave identically during differential centrifugation procedures (Table I ; Fig. 2) . A considerably higher percentage of the PM marker is always pelleted relative to the ER marker during low centrifugal forces ( Fig. 2 ; Table I ).
The actual loss of PM at low centrifugal forces may not be as substantial as judged by the pH 6.5, K+-stimulated ATPase activity. It is conceivable that some of the K+-stimulated ATPase activity is produced by mitochondria, although the mitochondrial ATPase is usually assayed at pH 9.0 (9). To get a more accurate representation of PM in crude particulate fractions, it may be beneficial to assay the plasma membrane-associated ATPase in the presence of oligomycin, which could eliminate the mitochonPlant Physiol. Vol. 69, 1982 drial-associated activity (8) . Alternatively, the PM-associated ATPase may be inhibited by vanadate (16) , and the vanadatesensitive activity could offer a better way to mark PM in plant cell homogenates.
Finally, it should be emphasized that the results of this study may only apply to plant tissue homogenized by mortar and pestle. The optimum centrifugation conditions for subcellular separation determined from this study may not necessarily apply to tissue disrupted by other methods, such as razor blade chopping or polytron (6) .
